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(54) Pellicle 

(57) A pellicle for a photolithographic'patterning 
process by means of a light having a wavelength of at 
most 200 nm, comprising a frame and a pellicle mem- 
brane bonded to the frame by means of an adhesive, 
wherein the pellicle membrane or the adhesive compris- 
es the following fluorine-containing polymer (A): 

fluorine-containing polymer (A): a substantially lin- 



earfluorine-containing polymer having a chain of carbon 
atoms as the main chain, and containing as carbon at- 
oms in its main chain, a carbon atom having one or two 
hydrogen atoms bonded thereto and a carbon atom hav- 
ing no hydrogen atom bonded thereto and having a flu- 
orine atom or a fluorine-containing organic group bond- 
ed thereto. 
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Description 



[0001] The present invention relates to a pellicle for photolithography using a light having a wavelength of at most 
200 nm. 

[0002] A pellicle is a dustproof integral device to be mounted on a photomask or a reticle (hereinafter they will be 
referred to as a mask) so as to prevent dust particles from depositing on the mask and to prevent pattern failure during 
exposure, used in photolithography as one step in production of semiconductor devices or liquid crystal display boards 
As its structure, usually a transparent thin membrane bonded to a frame by using adhesives is mounted on the mask 
at some distance from the mask surface. 

[0003] In fields of production of semiconductor devices and liquid crystal display panels in which such a pellicle is 
used, the wavelength of light sources to be used has been shortened rapidly also in photolithography along with 
minimization of wiring and wiring interval. In a conventional exposure technique with a minimum pattern dimension of 
at least 0.3 urn, a process employing an i-beam light source (365 nm) has been mainly used, and a material of a 
transparent thin membrane of a pellicle (hereinafter referred to as a pellicle membrane), a cellulose nitrate type material 
has been used. 

[0004] In recent years, for a photolithographic patterning process with a minimum pattern dimension of at most 0 3 
urn, a KrF excimer laser is being introduced, but its irradiation wavelength is 248 nm, and the cellulose nitrate type 
membrane material is inadequate in view of durability. Further, it has been found that an amorphous perfluoropolymer 
is effective as a membrane material in the case where a light having a short wavelength such as an excimer laser is 
employed (Japanese Patent No. 2951 337 or Japanese patent No. 2952962). 

[0005] On the other hand, for a photolithographic patterning process with a minimum pattern dimension of at most 
0.2 jim under development in recent years, as a laser emitting a light having a wavelength of at most 200 nm use of 
e.g. an argon fluoride excimer laser emitting a light having a wavelength of 1 93 nm (hereinafter referred to as'an ArF 
excimer laser) or a fluorine gas excimer laser emitting a light having a wavelength of 157 nm (hereinafter referred to 
as a F 2 excimer laser) has been proposed. 

[0006] However, since these laser lights have an extremely high energy, even the above amorphous perfluoropolymer 
as disclosed in Japanese Patent No. 2951 337 is inadequate in view of durability. For example, of "CYTOP" (Japanese 
tradename) which is a perfluoropolymer used in the above patent, transmission of light and durability suddenly decrease 
at a wavelength shorter than 170 nm. This perfluoropolymer has a significantly low transmission of the F, excimer 
laser light having a wavelength of 157 nm. Therefore, development of a pellicle membrane which can be used for Fo 
excimer laser light has been desired. 2 
[0007] Moreover, with respect to adhesives for bonding the pellicle membrane to a frame, there are similar problems 
of degradation due to reflected light or scattering light of the laser. Thus the adhesive having a high durability has also 
been desired. " 

[0008] The present inventors have found a fluorine-containing polymer having a high durability and a high transmis- 
sion of a laser light for irradiation which has a wavelength of at most 200 nm (particularly at most 1 80 nm) (hereinafter 
referred to as a short-wavelength laser light). The present invention relates to a pellicle employing this fluorine-con- 
taining polymer as a pellicle membrane or as an adhesive. ' 
[0009] Namely, the present invention provides a pellicle for an exposure treatment by means of a light havinq a 
wavelength of at most 200 nm, comprising a frame and a pellicle membrane bonded to the frame by means of an 
adhesive, wherein the pellicle membrane or the adhesive comprises the following fluorine-containing polymer (A)- 

fluorine-containing polymer (A): a substantially linearfluorine-containing polymer having a chain of carbon atoms 
as the main chain, and containing as carbon atoms in its main chain, a carbon atom having one ortwo hydrogen atoms 
bonded thereto and a carbon atom having no hydrogen atom bonded thereto and having a fluorine atom or a fluorine- 
containing organic group bonded thereto. 

[0010] Fig. 1 is a diagram illustrating transmissions of light through membranes comprising a poiymer A a polymer 

1 a P 0| ymer C, a polymer D and a polymer E, respectively, as against a wavelength. 
[0011] The pellicle of the present invention is particularly suitable as a pellicle for a photolithographic patterning 
process by means of a light having a wavelength of at most 1 80 nm, which is a light having a wavelength shorter than 
that of an ArF excimer laser light. Specific^, it is suitable as a pellicle for a photolithographic patterning process by 
means of a F 2 excimer laser light having a wavelength of 157 nm. 

[0012] The fluorine-containing polymer (A) of the present invention is a substantially linear fluorine-containing poly- 
mer hav.ng a chain of carbon atoms as the main chain. The chain of carbon atoms as the main chain of the polymer 
comprises chains of two carbon atoms constituting a polymerizable unsaturated bond of a monomer connected in 
principle. Therefore, with respect to the fluorine-containing polymer (A), "containing as'carbon atoms in its main chain 
a carbon atom having one ortwo hydrogen atoms bonded thereto and a carbon atom having no hydrogen atom bonded 
thereto and having a fluorine atom or a fluorine^ontaining organic group bonded thereto" means that in a case of a 
homopolymer obtained by polymerization of a monomer having one polymerizable unsaturated group it is a polymer 
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of a monomer having two carbon atoms constituting a polymerizable unsaturated bond of the monomer, one carbon 
atom having a hydrogen atom bonded ther to and th other carbon atom having no hydrogen atom bonded thereto 
(hereinafter referred to as a monomer (a)). 

[0013] In a case of a copolymer, it may be a copolymer of a monomer having two carbon atoms constituting a po- 

5 lymerizable unsaturated bond, at least one of the two carbon atoms having a hydrog n atom bond d thereto (hereinafter 
r ferred to as a monomer (b)) and a monomer having two carbon atoms constituting a polymerizable unsaturated bond, 
both of the two carbon atoms having no hydrogen atom bonded thereto (hereinafter referred to as a monomer (c)). 
[001 4] Further, the fluorine-containing polymer (A) may be a copolymer of at least two types of the monomer (a), or 
it may be a copolymer of the monomer (a) and another monomer. Further, it may be a copolymer of the monomer (b), 

10 the monomer (c) and another monomer. 

[0015] The fluorine-containing polymer (A) may be a polymer obtained by cyclic polymerization of a monomer having 
two polymerizable unsaturated bonds. In the case of this polymer, usually four carbon atoms constituting the two po- 
lymerizable unsaturated bonds form the main chain of the polymer. Therefore, said fluorine-containing polymer (A) is 
a polymer obtained by cyclic polymerization of a monomer having four carbon atoms constituting two polymerizable 

is unsaturated bonds, at least one of the carbon atoms having a hydrogen atom bonded thereto, and at least one of the 
carbon atoms having no hydrogen atom bonded thereto (hereinafter referred to as monomer (d)). 
[0016] In a case of a copolymer, it may be a copolymer of a monomer having four carbon atoms, each having no 
hydrogen atom bonded thereto (hereinafter referred to as monomer (e)) and a monomer which has a carbon atom 
having a hydrogen atom bonded thereto in a polymerizable unsaturated bond (said monomer may be a monomer 

20 having two polymerizable unsaturated bonds, which may undergo cyclic polymerization, or may be a monomer having 
one polymerizable unsaturated bond) (hereinafter referred to as monomer (f)). Further, the fluorine-containing polymer 
(A) may be a copolymer of the monomer (d) and another monomer, or it may be a copolymer of the monomer (e), the 
monomer (f) and another monomer. 

[0017] Since the fluorine-containing polymer (A) is a polymer having fluorine, the above monomers (a), (c), (d) and 
25 (e) have to have a fluorine atom or a fluorine-containing organic group bonded to a carbon atom in the polymerizable 
unsaturated bond. It is not essential for the monomers (b) and (f) to have a fluorine atom or a fluorine-containing organic 
group is bonded to a carbon atom in the polymerizable unsaturated bond. However, they may have such an atom or 
a group bonded to a carbon atom. 

[001 8] As the fluorine-containing organic group, preferred are a monovalent group and a bivalent group. In the case 
30 of a bivalent fluorine-containing organic group, it may be bonded to each of two carbon atoms in the polymerizable 
unsaturated bond (whereby a ring containing the two carbon atoms is formed), or it may be bonded to one of the two 
carbon atoms (whereby a ring containing said one carbon atom is formed, and the other carbon atom is a carbon atom 
outside the ring). 

[0019] The monomers (a) to (f) may have an atom, an organic group or another substituent other than a hydrogen 
35 atom, a fluorine atom and a fluorine-containing organic group, on the carbon atom in the polymerizable unsaturated 
bond. For example, they may have a halogen atom other than a fluorine atom, such as a chlorine atom, or an organic 
group such as an alkyl group. However, with respect to a polymer having a large number of organic groups such as 
alkyt groups in its side chains, hydrogen atoms bonded to the carbon atoms tend to decrease the durability, thus the 
number of such substituents is preferably small. 
40 [0020] As the monovalent fluorine-containing organic group, the preferred one is a fluorine-containing alkyl group or 
a fluorine-containing alkoxy group. The carbon number of such a group is preferably at most 1 0, particularly preferably 
at most 4. Such a group preferably contains no hydrogen, and preferred is a group containing fluorine atoms alone (i. 
e. a perfluoroalkyl group or a perfiuoroalkoxy group), or a perhalo-polyfluoroalkyl group or a perhalo-polyfluoroalkoxy 
group containing fluorine atoms and a small number of chlorine atoms as compared with the number of fluorine atoms. 
45 Further, in a case of the fluorine-containing polymer (A) to be used as an adhesive, a fluorine-containing organic group 
having a functional group effective for improvement in adhesion may be contained. The monovalent fluorine-containing 
organic group is not limited to a linear one, and may be branched. 

[0021] As the bivalent fluorine-containing organic group, preferred is a polyfluoroalkylene group having a carbon 
number of at most 10 (particularly preferably at most 6) which may contain an etherial oxygen atom. As the polyfluor- 
50 oalkylene group, preferred is a perfluoroalkylene group or a perhalo-polyfluoroalkylene group containing a small 
number of chlorine atoms. The etherial oxygen atom may be present on one terminal of the polyfluoroalkylene group, 
may be present on each terminal, or may be present between carbon atoms. The bivalent fluorine-containing organic 
group is not limited to a linear one, and may be branched. 

[0022] As a monovalent organic group other than the monovalent fluorine-containing organic group, preferred is an 
55 alkyl group or an alkoxy group containing no fluorine atom or monovalent fluorine-containing organic group as men- 
tioned above. The carbon number of the alkyl group or alkoxy group is preferably at most 1 0, particularly preferably at 
most 4. As said monovalent organic group other than the monovalent fluorine-containing organic group, particularly 
preferred is a methyl group. 
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[0023] A polymer having crystalline property tends to decrease transmission due to light scattering and to cause 
distortion of a reticle image. Therefore, the fluorine^ontaining polymer (A) is preferably amorphous with a crystalline 
property of at most 30%, particularly preferably at most 20%. The crystalline property of the polymer can be lowered 
by introducing a bulky structure into a polymer chain. Therefore, it is preferred to make an alicyclic structure having a 
bulky structure be present in the main chain of the polymer to reduce crystallization of the polymer and to obtain an 
amorphous polymer having a high transparency. Therefore, as the fluorine<ontaining polymer (A), particularly preferred 
is a fluorine-containing polymer having an alicyclic structure in its main chain. 

[0024] "Having an alicyclic structure in its main chain" means that at least one carbon atom in the main chain is a 
carbon atom constituting the alicyclic structure. This alicyclic structure is preferably a fluorine-containing alicyclic struc- 
ture having a fluonne atom or a fluorine-containing organic group bonded to at least one carbon atom constituting the 
alicyclic structure. Further, a part of atoms constituting the alicyclic structure may be an atom other than a carbon atom 
such as an oxygen atom or a nitrogen atom. Preferred as the alicyclic structure is a 4- to 8-membered f luorine-containinq 
alicyclic structure having one or two oxygen atoms. 

[0025] By using a monomer having a polymerizable unsaturated group in an alicyclic structure, a polymer having an 
alicyclic structure in its main chain can be obtained. The monomer (d) or (e) forms a polymer having an alicyclic structure 
in its mam chain by cyclic polymerization. "Having a polymerizable unsaturated group in an alicyclic structure" means 
that a polymenzable unsaturated group is present between carbon atoms constituting the alicyclic structure or a po- 
lymerizable unsaturated group is present between a carbon atom constituting the ring and a carbon atom outside the 
nng. As the alicyclic structure, preferred is a fluorine-containing alicyclic structure, and it may have an oxygen atom 
zo as an atom constituting the ring, as mentioned above. 

[0026] Hereinafterthe monomer having a polymerizable unsaturated group in a fluorine-containing alicyclic structure 
will be referred to as a fluorine-containing unsaturated alicyclic monomer. As atoms constituting the ring in the fluorine- 
containing unsaturated alicyclic monomer, one or two oxygen atoms may be contained in addition to carbon atoms 
monomer (c) is preferably a fluorine-containing unsaturated alicyclic monomer. The monomer (a) (b) or (f) mav 
25 be a fluorine-containing unsaturated alicyclic monomer. 

[0027] As the monomer (a), preferred is vinylidene fluoride or trifluoroethylene. However, a homopolymer of such a 
monomer tends to be crystalline, and tends to have a low transparency. 

[0028] As the monomer (b), preferred is a monomer represented by CHR1=CR2R3, wherein each of Ri R2 and R3 
which are independent of one another, is a hydrogen atom, a fluorine atom or a monovalent organic group. Each of 
and R ,s P refsr ably a hydrogen atom or a fluorine atom, and R3 is preferably a hydrogen atom, a fluorine atom or 
a monovalent organic group having a carbon number of at most 4. Specifically, an olefin such as ethylene or propylene 
or a fluoroolefin having a hydrogen atom bonded to a carbon atom in a polymerizable unsaturated group, such as vinyl 
fluonde, 1 ,2-difluoroethylene, vinylidene fluoride or trifluoroethylene, may be mentioned. As the monomer (b) preferred 
are a C 2 . 3 olefin and a C 2 . 3 fluoroolefin. Particularly preferred as the monomer (b) are an olefin selected from ethylene 
and propylene and a fluoroolefin selected from vinyl fluoride, 1 ,2-difluoroethylene and vinylidene fluoride 
[0029] As the monomer (c), preferred is a monomer represented by CFR 4 =CRSR6, wherein each of R 4 R5 and R6 
which are independent of one another, is a fluorine atom or a monovalent fluorine-containing organic group or R 4 and 
,0 9 eth erform a bwalent fluorine-containing organic group and R6 is a fluorine atom or a monovalent fluorine-con- 
taining organic group, or R5 and R* together form a bivalent fluorine-containing organic group and R 4 is a fluorine atom 
or a monovalent fluonne-containing organic group. The monomer (c) wherein R 4 and R5 together form a bivalent flu- 
orine-containing organic group and R6 is a fluorine atom or a monovalent fluorine-containing organic group or R* and 
. t0 9 ether f °™ a bivalent fluorine-containing organic group and R 4 is a fluorine atom or a monovalent fluorine-con- 
taining organic group, is one type of a fluorine-containing unsaturated alicyclic monomer, and hereinafter such a mon- 
omer will be referred to as a fluorine-containing unsaturated alicyclic monomer (c). 
« [0030] As the monomer (c), specifically, a polyfluoroolefin having no hydrogen atom, such as tetrafluoroethylene 
chlorotnfluoroethylene or hexafluoropropylene, perfluoro(alkyl vinyl ether) or a fluorine-containing unsaturated alicyclic 
monomer (c) represented by the following formula 1 , 2 or 3, may, for example, be mentioned. Particularly preferred as 
the monomer (c) is perfluoro(2,2-dimethyl-1 ,3-dioxole) i.e. a compound represented by the formula 1 wherein both R" 
and R 1 ^ are trifluoromethyl groups. 
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Formula 1 



Formula 2 
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F 2 C=C, 




Formula 3 



[0031] In the above formulae 1 to 3, each of R 11 to R 16 which are independent of one another, is a fluorine atom or 
25 a fluorine-containing organic group, and as the fluorine-containing organic group, preferred is a perfluoroalkyi group, 
and particularly preferred is a perfluoroalkyi group having a carbon number of 1 or 2. 

[0032] The fluorine-containing polymer (A) comprising a copolymer of the monomers (b) and (c) may be a polymer 
having no fluorine-containing alicyclic structure in its main chain, such as an ethylene/tetrafluoroethylene copolymer, 
a propylene/tetrafluoroethylene copolymer, a propylene/vinylidene fluorideAetrafluoroethylene copolymer or a vinyli- 

30 dene fluoride/hexafluoropropylene copolymer, but their transparency is not adequate. However, they are useful as an 
adhesive for bonding a membrane to a frame. Preferred as the fluorine-containing polymer (A) is a copolymer of the 
monomer (b) with the fluorine-containing unsaturated alicyclic monomer (c) represented by the above formula 1 , 2 or 
3. In such a case, as the monomer (b), preferred is at least one monomer selected from olefins such as ethylene and 
fluoroolefins having a hydrogen atom bonded to a carbon atom in the unsaturated group. 

35 [0033] The proportion of monomer units formed by polymerization of the monomer (b) (hereinafter referred to as 
monomer units (b), and the same applies to the other monomer units) in the copolymer of the monomer (b) and the 
monomer (c) to the total of the monomer units (b) and the monomer units (c) is preferably from 10 to 70 mol%. In a 
case where the monomer (b) is a monomer having at least two hydrogen atoms (hydrogen atoms bonded to a carbon 
atom in a polymerizable unsaturated bond) such as ethylene, it is preferably from 10 to 50 mol%. The proportion of 

40 the monomer units (b) is particularly preferably from 20 to 40 mol%. In the case of the fluorine-containing polymer (A) 
for an'adhesive, a polymer having a proportion of the monomer units (b) to the total of the monomer units (b) and the 
monomer units (c) of from 40 to 85 mol% is also preferred. 

[0034] Here, the proportion of the total of the monomer units (b) and the monomer units (c) to the total monomer 
units in the polymer is preferably from 50 to 1 00 mol%, particularly preferably from 80 to 1 00 mol%. The most preferred 
45 polymer is a copolymer of the monomer (b) and the monomer (c) alone, provided that each monomer may consist of 
at least two types. 

[0035] As the monomer (d), preferred is a monomer represented by CH2=CR 7 -Q-CR 8 =CF 2 , wherein each of R 7 and 
R 8 which are independent of each other, is a hydrogen atom, a fluorine atom or a monovalent fluorine-containing 
organic group, and Q is a bivalent fluorine-containing organic group. As R 7 , preferred is a hydrogen atom or a fluorine 
50 atom, and particularly preferred is a hydrogen atom. As R 8 , preferred is a fluorine atom or a perfluoroalkyi group having 
a carbon number of at most 2, and particularly preferred is a fluorine atom. 

[0036] As Q, preferred is a perfluoroalkylene group having a carbon number of at most 10, which may have an 
etherial oxygen atom. The etherial oxygen atom may be present at one terminal of the perfluoroalkylene group, may 
be present on each terminal, or may be present between carbon atoms. In a case of a perfluoroalkylene group having 
ss no etherial oxygen atom, the carbon number is more preferably from 2 to 6, in the case of a perfluoroalkylene group 
having an etherial oxygen atom on one terminal or between carbon atoms, the carbon number is more preferably from 
1 to 4, and in the case of a perfluoroalkylene group having an etherial oxygen atom on each terminal, the carbon 
number is more preferably from 1 to 3. The total number of oxygen atoms and carbon atoms excluding carbon atoms 
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at a branch d moiety, is most preferably from 2 to 4 



having an etherial oxygen JZbLSZ camon EST^SSS "V?*" * ^ ° f * m ° St 4 and 

most 4 and having noetherial o^n Zm «S P erf,uoro * ,k y ,ene 9™P ^ving a carbon number of at 

[0038] Thatis to say, the most preferred monomer (d) is a monomer represented by CH -CH R'o cf pp h • 

63-238111, JP-A-63-238113MS ^ «" be 0btai "^ (JP-A 

excluding a branch In a case where ST^l h P * rf ' UOrw fy |ene 9 rou P ^ving a camon number of from 1 to 3 
of the branch is prefer^ lyTrom 1 to 2 ' " 3 ^0™%' W. the number 

[0039] Here, by cyclic polymerization of CHo=CR 7 -0-rR8-rc 

formula 4, 5 or 6 are usual.ytrmed. As ft-^^^n^^^^^* !" I""** 
pounds may, for example, be mentioned. presemea D y OH^CR'-Q-CR8=CF 2 , the following com- 
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Formula 4 
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Formula 5 




Formula 6 

CH 2 =CHCF 2 CF 2 OCF=CF 2 , 
CH 2 =CHCF 2 CF 2 CF 2 OCF=CF 2 , 

CH 2 =CHCF 2 OCF=CF 2 , 
CH 2 =CHCF(CF 3 )CF 2 OCF=CF 2 , 
CH 2 =CHCF 2 OCF 2 CF=CF 2 , 
CH 2 =CHCF 2 CCI 2 OCF=CF 2 , 
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CH 2 =CFCF 2 CF 2 OCF=CF 2 , 

CH 2 =CFCF(CF 3 )CF 2 OCF=CF 2 . 

[0040] The fluorine-containing polymer (A) may be a homopolymer of the monomer (d), provided that It may be a 
copolymer of at least two types of the monomer (d), or may be a copolymer of the monomer (d) with another monomer. 
As said another monomer, the monomer (a), (b), (c) or (e) may, for example, be mentioned. As the copolymer, preferred 
10 is a copolymer of the monomer (d) and the monomer (c) or a copolymer of the monomer (d) and the monomer (e), and 
more preferred is a copolymer of the monomer (d) and the monomer (c). In such a case, as the monomer (c), preferred 
is the above fluorine-containing unsaturated alicyclic monomer (c). 

[0041] The proportion of the monomer units (d) to the total monomer units in the fluorine-containing polymer (A) is 
suitably from 30 to 100%, preferably from 50 to 100%, and most preferably 100%. 

15 [0042] As the monomer (e), preferred is a monomer having all hydrogen atoms bonded to carbon atoms In the 
polymerizable unsaturated group In the monomer (d) replaced by fluorine atoms or perfluoroalkyl groups. More pre- 
ferred is a monomer represented by CF 2 =CR 9 -Q-CR 10 =CF 2 , wherein each of R9 and R 10 which are independent of 
each other, is a fluorine atom or a monovalent fluorine-containing organic group, and Q is as defined above. However, 
the position or the number of the etherial oxygen atom in Q is not restricted. Specifically, the following monomers may 

20 be mentioned. 

CF 2 =CFCF 2 CF 2 OCF=CF 2 , 



CF 2 =CFCF 2 CF 2 CF 2 OCF=CF 2 , 
CF 2 =CFCF 2 OCF=CF 2 , 

30 

CF 2 =CFCF(CF 3 )CF 2 OCF=CF 2 , 



CF 2 =CFOCF 2 OCF=CF 2> 

35 z z z 

CF 2 =CFOC(CF 3 ) 2 OCF=CF 2 , 



CF 2 =CFCF 2 CCI 2 OCF=CF 2 . 

[0043] As the monomer (f), the above monomer (a) or (b) may be used. The monomer (b) is particularly preferred. 
In copolymerizatlon of the monomer (e) and the monomer (f), the monomer (e) forms monomer units having a fluorine- 
45 containing alicyclic structure by cyclic polymerization, and a copolymer having the monomer units (e) and the monomer 
units (f) will be formed. The copolymer having the monomer units (e) and the monomer units (f) may further have 
another monomer units such as the above monomer units (c). 

[0044] In the copolymer of the monomer (e) and the monomer (f), the proportion of the monomer units (f) to the total 
of the monomer units (e) and the monomer units (f) is preferably from 10 to 70 mol%. In the'case of the monomer (f) 

so having at least two hydrogen atoms (hydrogen atoms bonded to carbon atoms in the polymerizable unsaturated bond) 
such as ethylene, it is preferably from 1 0 to 60 mol%. The proportion of the monomer units (f) is particularly preferably 
from 20 to 50 moI%. Here, the proportion of the total of the monomer units (e) and the monomer units (f) to the total 
monomer units in the polymer is preferably from 50 to 100 mol%, particularly preferably from 70 to 100 mol%. 
[0045] The fluorine-containing polymer (A) is preferably a polymer containing monomer units having a fluorine-con- 

55 taining alicyclic structure, as mentioned above. The proportion of the monomer units having a fluorine-containing ali- 
cyclic structure to th total monomer units in the fluorine-containing polymer (A) is pref rably at least 20 mol%, partic- 
ularly preferably at least 40 mol%. 

[0046] Particularly preferred as the fluorine-containing polymer (A) are a copolymer of ethylene and perfluoro 
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required, and therefore it may be the polymer having noXorinl ^ ?' 3 m ^P 3 ™^ * "»t necessari^ 
fore, a copolymer of the monomer (b) aTd me h main Chain - There 

aTaT^d^^^ 

P^^^^^^^t^^ -in may, for .ample, be a 
ta such a polymer, the proportion of the monomer^ So the totel ofthe ^ COf>olymer - 

menJrane toa^e K^TJISS!^^ W * ^ " " ^ * b °^9 a pellicle 
effective for improvement in' ^ ffiKSS tre"^ flu"" 9 P °*7 W h3Vin9 ,UnCti ° nal ^ 

-imjed so ,ong as . can IJ^Z^^^SL t"*? ^ " <>^ 

acd group, a group having an ester linkage, an alke^yl group a hvd^ a w , '• ? 3 Ca * 0Xy,iC acid grou P' a sulfonic 
9 ro MP.fnaminogro Up ,acyanogrou P oranis^ 

pamcularly suitable is a carboxylic acid crauo f mm 7+1 V ' exam P |e ' De mentioned. As the functional qrouo 

as a frame material, -^^^^2^^^^ t0 3 metel su <* - 
[0057] 77,e number of the functional groups in the fluSntfnt! * 3 r6 ' atiV6,y low tem Perature. 

per g of the po V mer. In a case where SZ^oSZS^ W * Preferab * from 0 001 * 1 

absorption by th. Actional groups may h^^EES 1 ™<"< «™ * * P<«V that 

group! l~So" * - -in chain and having adhesive functional 
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above monomer (c) or a polymer of the monomer (e). 

[0059] Also with respect to the fluorine-containing polymer (A) having functional groups, functional groups can be 
introduced in the same manner as the above known polymer. For example, a method of utilizing terminal groups of 
the polymer obtained by polymerization, a method of copolymerizing a monomer having an alkoxycarbonyl group and 
5 subjecting the resulting polymer to hydrolysis, or a method of subjecting a polym r to a high-temperature treatment so 
that side chains or terminals of the polymer undergo oxidative destruction to form functional groups, may, for example, 
be mentioned. 

[0060] Further, with the fluorine-containing polymer (A) or the fluorine-containing polymer (A) containing functional 
groups to be used as an adhesive, an adhesion promotor such as a silane type, epoxy type, titanium type or aluminum 
10 type coupling agent, may be mixed so as to improve adhesion. Further, it is also possible to thinly coat the fluorine- 
containing polymer (A) containing functional groups on a frame, and to apply the fluorine-containing polymer (A) having 
no functional group thereto, so as to obtain strong adhesion. 

[0061] Now, the present invention will be explained in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 

15 

EXAMPLE 1 Synthesis Example of fluorine-containing polymer (A) 

[0062] 20 g of 1 ,1 ,2,4,4,5 ,5-heptafluoro-3-oxa-1 ,6-heptadiene (CH2=CHCF 2 CF 2 OCF=CF 2 ) and 40 g of trichlorotrif- 
luoroethane were put in an autoclave made of pressure-resistant glass having an internal volume of 200 ml, the at- 
20 mosphere in which was replaced by nitrogen. As a polymerization initiator, 20 mg of bis(heptafluorobutyryl)peroxide 
was added, the atmosphere in the autoclave was replaced by nitrogen again, and polymerization was carried out at 
1 B*C for 1 0 hours. As a result, 1 0 g of an amorphous polymer having a fluorine-containing alicyclic structure in its main 
chain (hereinafter referred to as polymer A) was obtained. 

[0063] The intrinsic viscosity [t|] of the polymer A was 0.96 in 1 ,3-bis(trifluoromethyl)benzene at 30°C. The polymer 
25 A had a glass transition temperature of 90° C, was a tough transparent vitreous polymer, and had a refractive index of 
1 .36. 

[0064] On the other hand, the polymer A obtained by the same method as mentioned above, was subjected to a 
heat treatment in air at 320°C for 3 hours and soaked in water for modification. From IR spectrum measurement of the 
modified polymer A, a peak assigned to carboxyl groups was confirmed, with an amount of 0.005 mmol/g. Hereinafter 
30 this modified polymer A will be referred to as adhesive A. 

EXAMPLE 2 Synthesis Example of fluorine-containing polymer (B) 

[0065] Perfiuoro(2,2-dimethyl-1 ,3-dioxole) (hereinafter referred to as PDD) and ethylene with a molar ratio of 70:30 
35 were subjected to radical polymerization using diisopropyl peroxydicarbonate as an initiator to obtain an amorphous 
polymer having a fluorine-containing alicyclic structure in its main chain (hereinafter referred to as polymer B) having 
a glass transition temperature of 80°C and a 10% heat decomposition temperature of 330°C. The polymer B was a 
tough transparent polymer having an elastic modulus of 1 .6 GPa at room temperature, and had a refractive index of 
1 .35. 

40 

EXAMPLE 3 Synthesis Example of fluorine-containing polymer (C) 

[0066] 30 g of 1 ,1 ,2,4,5,5-hexafluoro-3-oxa-4-trifiuoromethyl-1 ,6-heptadiene (CH2=CHCF(CF 3 )CF 2 OCF=CF 2 ) and 
70 g of IH-perfluorohexane(CF3CF2CF2CF2CF2CF2H) were put in an autoclave made of pressure-resistant glass 
45 having an internal volume of 100 ml, the atmosphere in which was replaced by nitrogen. 

[0067] 1 7 mg of bis(heptafluorobutyryl)peroxide as a polymerization initiator was added, and the atmosphere in the 
autoclave was replaced by nitrogen again, and polymerization was carried out at 25°C for 20 hours. As a result, 24 g 
of an amorphous polymer having a fluorine-containing alicyclic structure in its main chain (hereinafter referred to as 
polymer C) was obtained, 

50 [0068] The intrinsic viscosity [t|] of the polymer C was 0.60 in perfluoro(2-butyltetrahydrof uran) at 30°C. The polymer 
C had a glass transition temperature of 108°C, was a tough transparent vitreous polymer at room temperature, and 
had a refractive index of 1 .34. 

EXAMPLE 4 Synthesis Example of fluorine-containing polymer (D) 

55 ~ ~ ' 

[0069] 20 g of 1 ,1 ,2,4,5,5-hexafluoro-3-oxa-4-trifluoromethyl-1 ,6-heptadiene, 7.5 g of PDD and 70 g of 1H-perfluor- 
ohexane were put in an autoclave made of pressure- resistant glass having an internal volume of 1 00 ml, the atmosphere 
in which was replaced by nitrogen. 
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[0071] The intrinsic viscosity ft] of the polymer D was 0.45 in perfluoro(2-butyltetrahydrofuran) at 30>C The noivm^ 
was a to "9h transparent vitreous polymer at room temperature. ranyaroturan) at 30 C. The polymer 

EXAMPLE 5 Synthesis Example of perfluoropolymer 

ri?emprju^ 

had a 10% ,ranSParent « r °° m temperatUre - a " d 

[0074] Th,s polymer was dissolved in perfluorotributylamine so that the concentration became 6% the solution »« 
put ,n an autoclave made of nicke. having an internal volume of 1 t. and a 20% fluorine ■ nt^lTZ 

pressure became 0.7 MPa-G, followed by fluorination with stirrino * I95°r for in Z,, f was 'Educed unt.l the 

E r °" the * he ; ha ^, the amorphous perfluoropolymer having terminal groups (-COF groups) derived from the 
initiator, obtained by the same method as mentioned above, was subjected to heat trea ment in air at 320^ for *Z ,r! 

2££ " ^ f ° r mOdifiCati0n ' By meaSUring IR s > ect ™ ° f the modr^o^e a Z at oned to 

2 an adhSr 8 ^ *" ^ ° f ° ° 2 ^ *» SENSES to 



EXAMPLE 6 



Kting at^C Sol* 1 9 * 1 ^^emtenze,, were put in a flask made of glass, followed 

Ene fn^c 0 * 8 ' ^ * ° hM by treating 7 « of the adhesive A ™* « 9 of 1 ,3-bis(trifluoromethvl) 

for 10 minutes to complete bonding. Then, the membrane was separated from the olass plate to ohlin f ir , 

ssssass£r M - — — — < — »< C-~r;s 

S °rS. US , in ^ . ? ° f thS P °' ymer B and 93 9 of 1 .3-bis(trifluoromethyl)benzene, using 7 g of the polvmer C and 03 n 

at L^t SI membraneS ^ 3 ° f "Sht having a wavelength of 157 nm of 

[0079] The pellicles having a membrane comprising each of the polymers A to D were subjected to an irmrfi^n 
he melT * ' ^ *~ ^ **** 9 Wavele "9< h * 1 ^nnTto be ^S^^SSS^S^ 

l° mPnSin9 6aCh ° f P ° lymerS A t0 D showed excella "t durability. FuZ, n ^S^ZTZ 
membrane was observed, and the adhesive A also showed a good durability. separation of the 

EXAMPLE 7 
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viscosity fa] of 0.58 in tetrahydrofuran at 30°C), and using a butyl acetate solution of this adhesive and the polymer C 
as a membrane material, a pellicle comprising a frame and a uniform membrane of about 1 urn thickness comprising 
the polymer C bonded to the frame was obtained in the same manner as in Example 6. 

[0081] The obtain d pellicle had adequate adhesion to air blow without elongation or sag of the membrane. This 
5 pellicle was valuated by an irradiation test by means of a F 2 excimer las r light having a wav length of 157 nm, to 
be used for photolithography, whereupon no separation of the membrane was confirmed ev n after irradiation of 1 0,000 
pulse, and the adhesive also showed a good durability. 

EXAMPLE 8 

10 

[0082] Using as an adhesive a vinylidene fluoride/hexafluoropropylene copolymer (copolymer having a content 
(mol%) of vinylidene fluoride units: hexafluoropropylene units of 78:22, and having an intrinsic viscosity [t\] of 0.60 in 
tetrahydrofuran at 30°C), and using an ethyl acetate solution of this adhesive and the polymer C as a membrane 
material, a pellicle comprising a frame and a uniform membrane of about 1 u/n thickness comprising the polymer C 
15 bonded to the frame was obtained in the same manner as in Example 6. 

[0083] The obtained pellicle had adequate adhesion to air blow without elongation or sag of the membrane. The 
pellicle was evaluated by an irradiation test by means of an F 2 excimer laser light having a wavelength of 157 nm, to 
be used for photolithography, whereupon no separation of the membrane was confirmed even after irradiation of 1 0,000 
pulse, and the adhesive also showed a good durability. 

20 

EXAMPLE 9 

[0084] 9 g of the polymer E obtained in Example 5 and 91 g of perfluorotributylamine were put in a flask made of 
glass, followed by heating at 50°C for 24 hours with stirring. As a result, a uniform colorless and transparent solution 
25 without turbidity was obtained. The solution was coated on a polished glass plate by spin coating at a spin rate of 500 
rpm for 1 0 seconds and at 4,000 rpm for 20 seconds, followed by heat treatment for 1 hour at 80°C and further for 1 
hour at 180°C to obtain a uniform transparent membrane on the glass plate. 

[0085] Then, using a perfluorotributylamine solution of the adhesive E, the above glass plate having the membrane 
of the polymer E formed thereon was press-bonded on an aluminum frame having the adhesive E coated thereon in 
30 the same manner as in Example 6, to obtain a pellicle comprising an aluminum frame and a uniform self-supporting 
membrane of about 1 u.m thickness comprising the polymer E bonded to the frame. This pellicle was evaluated by an 
irradiation test by means of a F 2 excimer laser, whereupon significant loss or breakage of the membrane comprising 
the polymer E occurred, and it could not be used. Further, separation of the membrane was observed, and durability 
of the adhesive E was also inadequate. 

35 

EXAMPLE 10 

[0086] Each of the solutions of the polymers A to D and the polymer E used in Examples 6 and 9 was coated on a 
polished glass plate by spin coating in the same manner as mentioned above, followed by drying to obtain a uniform 

40 transparent membrane of about 10 jim thickness. With respect to each of the obtained membranes, transmission of 
light was measured, and the results are shown in Figure 1 . It was found that a light having a wavelength of 1 57 nm 
was transmitted through each of the membranes comprising the polymers A to D with a high transmission, but sub- 
stantially no light having a wavelength of 157 nm was transmitted through the membrane comprising the polymer E. 
[0087] The pellicle using the fluorine-containing polymer (A) of the present invention has a high transmission at the 

45 short-wavelength region at a wavelength of at most 200 nm (particularly at most 180 nm), and has a high durability 
against a short-wavelength laser light to be used for finer processing in the future. Accordingly, it has excellent effects 
as a dust-proof membrane for a mask to be used for next-generation photolithography, and is effective to improve the 
yield of products. 

50 

Claims 

1. A pellicle for a photolrthographic'patteming process by means of a light having a wavelength of at most 200 nm, 
comprising a frame and a pellicle membrane bonded to the frame by means of an adhesive, wherein the pellicle 
55 membrane or the adhesive compris s the following ftuorine-containing polymer (A): 

fluorine-containing polymer (A): a substantially linear fluorine-containing polymer having a chain of carbon 
atoms as the main chain, and containing as carbon atoms in its main chain, a carbon atom having one or two 
hydrogen atoms bonded thereto and a carbon atom havin g no hydrogen atom bonded thereto and having a fluorine 
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atom or a fluorine-containing organic group bonded th reto. 

" 2? T 0 ^" 9 10 C ' aim 1 • WhSrein the ""^-^aining Polymer (A) is a polymer having monomer units 
formed by polymerization of a monomer (b) represented by CHR1=CR2R3, where in each of Ri R2 and R3 which 

JUrSSfT ° f K 0 " 6 an °! her ' ' ! 3 hydr ° 9e " at ° m ' 3 f ' UOrine a,0m ° r 8 monovate « organic group, and monomer 
units formed by polymer.zat.on of a monomer (c) represented by CFR«=CR5R6, wherein each of R* R* and R6 
which are .^dependent of one another, is a fluorine atom or a monovalent fluorine-containing organic group, or R* 
and R togetherform a b.valentfluorine-containing organic group and R* is a fluorine atom ora monovalent fiuorine- 
conta.n.ng organic group, or R* and R* together form a bivalent fluorine-containing organic group and R* is a 
fluonne atom or a monovalent fluorine-containing organic group. 

Jl* e fording to Claim 2, wherein the monomer (b) is at least one monomer selected from olefins and 
fluoroolefins hav.ng a hydrogen atom bonded to a carbon atom in an unsaturated group, and the monomer (c) is 
a fluonne^onta.ning unsaturated alicyclic monomer which may have an oxygen atom as an atom constituting the 

f?Z?K C ' e a f 0rdi k n9 1 ° C ' aim 1 ' Wh6rein thS ""or^e-containing polymer (A) is a polymer having monomer units 
formed by cychc polymenzation of a monomer (d) represented by CH^CR'-Q-CR^CF.,, wherein each of R? and 

lli! „r lnde f " dent ° f e f Ch ° ther ' iS 3 hydr ° 9en atom ' a fluorine atom or a monovalent fluorine-containing 
organic group, and Q is a bivalent fluorine-containing organic group. 

5 ' \ ^ Wher6in f,LJ0rine ^ ntainin 9 P°'^r (A) is a po^mer having monomer 

units formed by polymenzation of a fluonne^ontaining unsaturated alicyclic monomer which may have an oxygen 
25 an f° m constitutin 9 the rin 9. represented by CFR^CRW, wherein R* and R* togetherform a bivalent 

STnH 1°" T 9roUP R iS 3 flU ° rine at ° m ° r 3 ™novalent fluorine^ontaining organic group, or 

fh,oril? t° 9 ' 3lent fluorine ^ ontaini "3 organic group and R* is a fluorine atom or a monovalent 

" ri? T^Tf- and m0n ° mer UnftS f0med by «** Polymerization of a monomer (d) repre- 
sented by CH 2 =CR7-Q-CR8=CF 2 , wherein each of R? and R8 which are independent of each other, is a hydrogen 
» organic group 6 " * m0Ment flu o rine -oontaining organte group, and Q is a bivalent fluorine-containing 

6. The pellicle according to Claim 1 , wherein the pellicle membrane comprises the fluorine-containing polymer (A) 
having an alicyclic structure in its main chain. a M"'ymer w 

35 ? ' f^o^grou^" 9 l ° C ' aim 1 ' Wh6rein adh6SiVe C ° mpriSeS the fluorin *-oontaining polymer (A) having 
8 - ^2^^^^ adh6SiVe C ° mPriSeS *• ''-staining poiymer (A) having no 
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9 ' ^nhv t0l !! h0 h 9raPhlC Pattemlng Pr0C6SS by meanS ° f 3 ,lght having a wave,en 9th of at most 200 nm in photolithog- 
raphy, winch comprises using the pellicle as defined in any one of Claims 1 to 8. 

45 1 °' 2; nmL°!i 09raPhiC """^ t0 C,alm 9 ' the lj 9 ht ha ™9 a wavelength of at most 

45 200 nm is a fluonne gas excimer laser light. 
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